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The histochemical characteristics of human basophils and tissue mast cells were described
over a century ago by Paul Ehrlich. When mast cells are activated by an allergen that binds
to serum IgE attached to their Fc 3RI receptors, they release cytokines, eicosanoids and their
secretory granules. Mast cells are now thought to exert critical proinflammatory functions,
as well as potential immunoregulatory roles, in various immune disorders through the release
of mediators such as histamine, leukotrienes, cytokines chemokines, and neutral proteases
(chymase and tryptase). The aim of this review is to describe the role of mast cells in allergic
inflammation.
Mast cells interact directly with bacteria and appear to play a vital role in host defense
against pathogens. Drugs, such as glucocorticoids, cyclosporine and cromolyn have been shown
to have inhibitory effects on mast cell degranulation and mediator release. This review shows
that mast cells play an active role in such diverse diseases as asthma, rhinitis, middle ear infec-
tion, and pulmonary fibrosis.
In conclusion, mast cells may not only contribute to the chronic airway inflammatory
response, remodeling and symptomatology, but they may also have a central role in the initi-
ation of the allergic immune response, that is providing signals inducing IgE synthesis by B-
lymphocytes and inducing Th2 lymphocyte differentiation.
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Mast cells are found in the skin and in all mucosal tissues at
homeostasis, and numbers are elevated in asthmatics lungs1
and gastrointestinal tract of inflammatory bowel disease.
Mast cells were first described by Ehrlich in his 1878 doctoral
thesis on thebasis of their unique staining characteristics and
large granules, that gave them their name, “Mastzellen”
which means well-fed cells, because their cytoplasm was
stuffedwith granularmaterial. Mast cells are nowconsidered
tobepart of the immune system.Themast cellwas identified
as a mesenchymal cell which is stained metachromatically
with someblue dyes and it was recognized several years later
that these cells contained in their granules the majority of
the body’s histamine.2 Mast cells play a central role in
inflammatory and immediate allergic reactions. They are
able to release potent inflammatory mediators, such as
histamine, proteases, chemotactic factors, cytokines and
metabolites of arachidonic acid that act on the vasculature,
smooth muscle, connective tissue, mucous glands and
inflammatory cells.3 Histamine is not only released when the
body encounters a toxic substance, it is also released when
mast cells detect injury. It causes nearby blood vessels to
dilate allowing more blood to reach the site of the injury or
infection. Mast cells are localized in the connective tissue
and do not usually circulate in the blood stream.
The aim of this review is to discuss the effects of
different Th2 cytokines on mast cell development, and the
contribution of these cells to the chronic airway inflam-
matory response, tissue remodeling and symptomatology,
and also to understand the role of these cells at the initi-
ation of the allergic immune response, where they provide
signals inducing IgE synthesis by B-lymphocytes and Th2
lymphocyte differentiation.Mast cell development and differentiation
Mast cells arise in the bone marrow where maturation is
influencedbystemcell factor binding to the receptor c-kit and
by other cytokines such as interleukin (IL)-3, IL-4, IL-9, and IL-
10. These cytokines promote differentiation and proliferation
of both human and mouse mast cells.4e7 The SCF receptor (c-
kit) plays an important role in the hematopoiesis during
embryonic development. Mast cell is the only terminally
differentiated hematopoietic cell that expresses the c-Kitreceptor. In addition, SCF promotes mast cell adhesion,
migration, proliferation, and survival.8 SCF also promotes the
release of histamine and tryptase, which are involved in the
allergic response.Mastcell progenitors leavethebonemarrow
and settle in various tissues dependent of stimulation.9 Two
types ofmast cells, mucosal and connective tissuemast cells,
were reported in rodent tissue in the 1960’s on the basis of
histochemicalandfixationcharacteristics that reflect, inpart,
whether heparin proteoglycan was present in secretory
granules. Mucosal mast cell (MMC) granules stain blue with
copper phthalocyanin dyes, such as Astra blue or Alcian blue,
in a staining sequence with safranin, while connective tissue
mast cell (MCTC) granules stain red.10MC(T) andMC(TC) types
of humanmast cells (MCs) are distinguished from one another
on the basis of the protease compositions of their secretory
granules, but their structural, functional differences and
developmental relationships have beenwell characterized by
other authors.11,12 Mast cells are long-lived, surviving for
month or even years, in the tissue. Evolutionary, mast cells
existed and participated in host defense long before the
development of cells of adaptive immune system. Increased
numbers of MCT and MCTC mast cells are seen in fibrotic
diseases whereas its numbers are relatively unchanged in
allergic or parasitic diseases and in HIV infection.13 The
presence of these MCTC cells could help explain why patients
with HIV infection continue to have allergic reactions. The
MCTC mast cell, however, expresses tryptase, chymase. It
tends to predominate in the respiratory tract, gastrointestinal
tract as well as in skin, synovium, and subcutaneous tissue.
Mast cell activation and mediator production
The cytoplasm of mast cells contains organelles: lipid bodies
where metabolism of arachidonic acid occurs and where the
products of this metabolism, including leukotrienes, are
stored.14 Cytokines and histamine are other products found
in mast cells organelles (Fig. 1). These organelles are prone
to exocytosis and extracellular release of mediators. The
release may be induced by: (a) chemical substances, such as
toxins, venoms, and proteases; (b) endogenous mediators,
including tissue proteases, cationic proteins derived from
eosinophils and neutrophils; (c) immune mechanisms that
may be IgE-dependent or IgE-independent. IgE-dependent
degranulation is a consequence of the preferential produc-
tion of IgE, in response to certain antigens (allergens). During
an allergic response IgE release from B-cells will bind tomast
Figure 1 The IgE-primed mast cell releases granules and
powerful chemical mediators, such as histamine, cytokines,
granulocyte macrophage colony-stimulating factor (GM-CSF),
leukotrienes, heparin, and many proteases into the environ-
ment. These chemical mediators cause the characteristic
symptoms of allergy.
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cells. Half a million IgE molecules coat the surface of mast
cells, binding to the high-affinity IgE receptors (Fc 3RI) on
membranes with the Fc portion. This leaves their Fab, or
antigen binding segment, free to bind the antigen.9,13,15,16 A
subsequent exposure to the same allergen cross-links the
cell-bound IgE and triggers the release of preformed pros-
taglandins, histamines and cytokines (Fig. 2).9,14,17e19 Mast
cell degranulation is preceded by increased Ca2þ influx,
which is a crucial process; ionophores that increase cyto-
plasmic Ca2þ also promote degranulation, whereas agents
which deplete cytoplasmic Ca2þ suppress degranulation
(Fig. 2).18,20 Additionally, in some cases, other
ligandereceptor interactions, summarized in Fig. 1, can lead
to mast cell degranulation.
Newly generated mediators, often absent in the resting
mast cells, are as well produced during IgE-mediated acti-
vation, and consist of arachidonic acid metabolites, prin-
cipally leukotriene C4 (LTC4), prostaglandin D2 (PGD2) and
of cytokines.21e23 Of particular interest in humans is the
production of tumor necrosis factor (TNF-a, b), and inter-
leukin (IL)-4, IL-5, IL-6, IL-1b and IL-13.9,24e26 Those lipid
mediators and cytokines and preformed histamine, can
have profound effects on vascular endothelium, including
the alteration of vascular permeability and adhesiveness.
This can allow other circulating inflammatory cells to
adhere to the endothelium and to migrate into the
surrounding tissue. Cytokines and lipid mediators do as well
elicit a direct influence on lymphocytes and macrophages in
the murine system.27 IL-4, IL-5 and IL-6 stimulates theproliferation and differentiation of activated B-cells, and
induces class switch.9,28,29 However, B-cells stimulated
with IL-5 become plasma cells secreting IgA. IL-5 is also very
important in stimulating growth and differentiation of
eosinophils.30e33 The production of cytokines by human
mast cells has not been as extensively studied as in rodents,
but several studies suggest that it has a similar pattern. For
example, human mast cells have been shown to produce IL-
4, IL-5, and IL-6.30,31 In addition, mast cells produce several
neutral proteases including tryptase and chymase that
potentially damage and activate the bronchial epithelium,
and may contribute to airway wall remodeling. Thus, mast
cells are key players in host defense, with a role in immune
surveillance, phagocytosis, and immune activation.Functions of mast cells in physiological and
pathological states
The biological function of mast cell neutral proteases
remains to be fully clarified. In serum, elevated levels of
tryptase are detected in systemic mast cell disorders, such
as anaphylaxis and mastocytosis. Ongoing mast cell activa-
tion in asthma appears to be a characteristic of the chronic
inflammatory nature of the disease. Activation is detected
by elevated levels of tryptase and PGD2 in bronchoalveolar
lavage (BAL) and higher spontaneous release of histamine by
mast cells obtained from the BAL of asthmatics than those
obtained from non asthmatics.21 Ultrastructural analysis of
mast cells in lung tissue also shows that asthmatics have
more degranulation than atopic nonasthmatics.34 The
number of the cells increases at sites of inflammation. To
reach these areas, mast cell progenitors must migrate from
the blood into tissue sites. A crucial step in this process is the
adherence of cells to the endothelium. Cell adherence is
mediated by several families of adhesion molecules and
adhesion receptors on the surface of mast cells that can
mediate binding to other cells and to extracellular matrix
(ECM) glycoprotein. Upon stimulation, mast cells release
cytokines, including TNF-a and IL-4 that can modulate
adhesion molecules on endothelial cells. Activated endo-
thelial cells express the intercellular adhesion molecule
(ICAM-1), endothelial-leukocyte adhesion molecule-1
(ELAM-1) and vascular cell adhesion molecule (VCAM-1) on
their cell surface.35,36 Human mast cells express integrins as
receptors for these molecules. Until recently, the effects of
adherence on cell function were believed to result only from
changes in cell shape and cytoskeletal organization.
However, in addition to cell spreading, aggregated adhesion
receptors transduce a variety of intracellular signals that
regulate cell function. These signals include protein tyrosine
phosphorylation, phosphoinositide hydrolysis and changes in
intracellular pH or calcium concentration and the expression
of several genes. The adhesion properties of the cells regu-
late their migration, localization, proliferation and pheno-
type. Recently, murine mast cells have been implicated in
the mediation of inflammatory responses at long distances.
TNF alpha containing particles released by the cells were
found transported through draining lymphatic system acti-
vating cells in the lymph nodes.37
Different mechanisms could contribute to the increase in
the number of mast cells at the sites of tissue injury: mast
Figure 2 Induction and effector mechanisms in type I hypersensitivity.
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resident mast cell precursors could proliferate. Adhesion
receptors and their ligands also play a role in the localization
and migration of mast cells in normal tissues. ECM proteins
that are the ligands for adhesion receptors are chemotactic
for mast cells. Adherence of mast cells to fibroblasts, other
cells or to ECM proteins can transduce signals that affect cell
growth and differentiation. The increase in the number of
mast cells,38,39 and the enhanced secretion at sites of
inflammation, can accelerate the elimination of the cause of
tissue injury or, paradoxically, may lead to a chronic
inflammatory response. Thus, manipulating mast cell adhe-
sionmay be an important strategy in controlling the outcome
of allergic and inflammatory responses.
In a previous study by us,1 Mast cell numbers were
increased in both allergic and non-allergic asthma. Similar to
amore recent study,we found17 infiltration ofmast cells in of
the bronchi of both allergic asthmatics and non-allergic
asthmatics40 but the accumulation of mast cells was more
pronounced for the allergic asthmatics. We did also find that
mast cells in the bronchial mucosa of the allergic asthmatics
showed more signs of activation with extracellular deposi-
tion of tryptase than mast cells from non-allergic asth-
matics.1 Signs of mast cell activation in allergic asthma have
been indicated by others.40 However, in that study we could
not observe any differences between allergic and non-
allergic asthmatics.40 This could be explained by limited
number of non-allergic asthmatics included in the study.
Specific allergens and their reaction with IgE on the mast
cells might provide the mechanisms for activation in thebronchial mucosa in allergic asthma, especially since all
those patients were sensitized to perennial allergens such as
from pets.41
Also, other authors found inflammatory cells in bronchial
mucosa in subjects with toluene Diisocyanate (TDI) induced
asthma.42 The mast cell, which is one of the inflammatory
cells, plays an important role in TDI activation because the
activation of mast cells is associated with TDI-induced early
and late asthmatic reaction.42,43
Mast cells are increased in number in many fibrotic
diseases and may play a crucial role in the development of
fibrosis.44,45 The percentage of humanmast cells in BAL fluid
frompatientswith sarcoidosis or interstitial fibrosis is greater
than in BAL fluid from healthy individuals,44,46 and patients
with idiopathic interstitial pulmonary fibrosis show evidence
ofmast cell degranulation and elevatedmast cell numbers.47
Concluding in a previous study show that Mast cells are
located in connective tissue, including the lung, skin, the
linings of the stomach and intestine, and other sites. They
play an important role in helping defend these tissues from
diseases. By releasing chemical such as histamine, mast
cells attract other key players of the immune defense
system to areas of the body where they are needed.Mast cells and airway remodeling
Tissue remodeling is characteristic feature of asthma and
other lung diseases. The mechanisms behind this relation-
ship between mast cells and fibrosis/tissue remodeling are
Figure 3 Staining of tissue mast cells with anti-tryptase antibody 1 (AA1) in (A) airway smooth muscle (arrow) of patients with
allergic asthma and (B) control subjects, respectively. (Mayer’s hematoxylin). Original magnification: 40. The scale bars 50 mm for
A and B are shown in the figures.
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a substantial effect on tissue remodeling, especially in the
airway, on smooth muscle hypertrophy and on mucus hyper-
secretion, by releasing proteases such as tryptase, and
growth factors.17 These cells also have an effect on
epithelial damage, and on basement membrane thickening
in patients with allergic asthma,1,48 allergic rhinitis,49 and
middle ear infection in allergy patients,50,51 mast cells
related to airway smooth muscle hypertrophy, compared to
healthy controls.17 Fig. 3 shows that mast cells specifically
are localized within or close to airway smooth muscle
bundles in patients with allergic asthma whereas little or no
mast cells are found in the airways of healthy controls
(Fig. 3). Tryptase and other proteases such as chymase are
abundant in mast cell granules. Therefore, mast cells seem
to play a crucial role in airway remodeling by releasing
tryptase onto smooth muscle and epithelium, and may play
a role in skin tissue remodeling by releasing chymase in an
IgE-dependent manner in allergic diseases.
These data suggest multiple mechanisms and multiple
levels in different organs in the human body, where mast
cells can regulate tissue fibrosis and repair, and provide
evidence for the direct involvement of mast cells in fibrosis
and human connective tissue remodeling.Conclusions
Mast cells are fascinating, multifunctional, bone marrow-
derived, tissue-dwelling cells. They can be activated to
degranulate in minutes, not only by IgE and antigen signaling
via the high-affinity receptor for IgE, but also by a diverse
group of stimuli. These cells can release a wide variety of
immune mediators, including an expanding list of cytokines,
chemokines, and growth factors. Mast cells have been shown
to play roles in allergic inflammation and, more recently,
they have been shown to modulate coagulation cascades,
host defense, and tissue remodeling. The role ofmast cells in
asthma and other diseases is being actively studied.
This review suggests that mast cells may not only
contribute to the chronic airway inflammatory response,
airway remodeling and symptomatology, but may also have
acentral roleat the initiationof theallergic immuneresponse,
that is, providing signals inducing B cell IgE synthesis and Th2
lymphocyte differentiation. Th-targeted therapy would be of
considerable interest in controlling allergic asthma. Havingmore knowledge and resources about mast cells can lead to
finding cures to diseases caused by the mast cells.
Acknowledgments
I am thankful for Professor Godfried M. Roomans, Professor
Christer Jonson and Dr Jonas Bystrom for taking the time to
read and give valuable suggestions to the review. I thank the
following institution for kindly giving us permission to publish
results obtained at their sites. Images of bronchial biopsies
were obtained at the Department of Respiratory Medicine
and Allergology and Clinical Chemistry at Uppsala Academic
Hospital, Uppsala, Sweden. This study was supported by the
foundation Lily and Ragnar A˚kerhams foundation and grants
from the Swedish Heart and Lung Foundation.
References
1. Amin K, Ludviksdottir D, Janson C, Nettelbladt O, Bjornsson E,
Roomans GM, Boman G, Seveus L, Venge P. Inflammation and
structural changes in the airways of patients with atopic and
nonatopic asthma. BHR group. Am J Respir Crit Care Med 2000;
162:2295e301.
2. Ehrlich P. Beitrage zur theorie und praxis der histologischen.
Germany: University of Leipzig; 1878.
3. Borish L, Joseph BZ. Inflammation and the allergic response.
Med Clin North Am 1992;76:765e87.
4. Blechman JM, Lev S, Brizzi MF, Leitner O, Pegoraro L, Givol D,
Yarden Y. Soluble c-kit proteins and antireceptor monoclonal
antibodies confine the binding site of the stem cell factor. J
Biol Chem 1993;268:4399e406.
5. Ishizaka T, Mitsui H, Yanagida M, Miura T, Dvorak AM. Devel-
opment of human mast cells from their progenitors. Curr Opin
Immunol 1993;5:937e43.
6. Mitsui H, Furitsu T, Dvorak AM, Irani AM, Schwartz LB,
Inagaki N, Takei M, Ishizaka K, Zsebo KM, Gillis S, et al.
Development of human mast cells from umbilical cord blood
cells by recombinant human and murine c-kit ligand. Proc Natl
Acad Sci USA 1993;90:735e9.
7. Thompson-Snipes L, Dhar V, Bond MW, Mosmann TR, Moore KW,
Rennick DM. Interleukin 10: a novel stimulatory factor for mast
cells and their progenitors. J Exp Med 1991;173:507e10.
8. Okayama Y, Kawakami T. Development, migration, and survival
of mast cells. Immunol Res 2006;34:97e115.
9. Nakanishi K. Basophils are potent antigen-presenting cells that
selectively induce th2 cells. Eur J Immunol 2010;40:1836e42.
10. Enerback L. Mast cells in rat gastrointestinal mucosa. 2. Dye-
binding and metachromatic properties. Acta Pathol Microbiol
Scand 1966;66:303e12.
14 K. Amin11. Oskeritzian CA, Zhao W, Min HK, Xia HZ, Pozez A, Kiev J,
Schwartz LB. Surface cd88 functionally distinguishes the MCTC
from the mct type of human lung mast cell. J Allergy Clin
Immunol 2005;115:1162e8.
12. Schwartz LB, Irani AM, Roller K, Castells MC, Schechter NM.
Quantitation of histamine, tryptase, and chymase in dispersed
human T and TC mast cells. J Immunol 1987;138:2611e5.
13. Church MK, Levi-Schaffer F. The human mast cell. J Allergy
Clin Immunol 1997;99:155e60.
14. Naclerio RM. Pathophysiology of perennial allergic rhinitis.
Allergy 1997;52:7e13.
15. Klein LM, Lavker RM, Matis WL, Murphy GF. Degranulation of
human mast cells induces an endothelial antigen central to
leukocyte adhesion. Proc Natl Acad Sci USA 1989;86:8972e6.
16. Metcalfe DD, Baram D, Mekori YA. Mast cells. Physiol Rev 1997;
77:1033e79.
17. Amin K, Janson C, Boman G, Venge P. The extracellular
deposition of mast cell products is increased in hypertrophic
airways smooth muscles in allergic asthma but not in nonal-
lergic asthma. Allergy 2005;60:1241e7.
18. Ghaffar A. Hypersensitivity reactions. Microbiology and
immunology. Immunology: USC School of Medicine; 2006.
19. Ohkawara Y, Yamauchi K, Tanno Y, Tamura G, Ohtani H,
Nagura H, Ohkuda K, Takishima T. Human lung mast cells and
pulmonary macrophages produce tumor necrosis factor-alpha
in sensitized lung tissue after IgE receptor triggering. Am J
Respir Cell Mol Biol 1992;7:385e92.
20. Shumilina E, Lam RS, Wolbing F, Matzner N, Zemtsova IM,
Sobiesiak M, Mahmud H, Sausbier U, Biedermann T, Ruth P,
et al. Blunted IgE-mediated activation of mast cells in mice
lacking the Ca2þ-activated Kþ channel KCa3.1. J Immunol
2008;180:8040e7.
21. Holgate ST In: Middleton Jr E, et al., editors. Allergy, partic-
ipates and practice. St-Louis: Mosby; 1993. p. 267.
22. Schwartz L, et al In: Middleton Jr E, et al., editors. Allergy,
participates and practice. St-Louis: Mosby; 1993.
23. Stevens RL, Austen KF. Recent advances in the cellular and
molecular biology of mast cells. Immunol Today 1989;10:
381e6.
24. Abraham SN, Malaviya R. Mast cells in infection and immunity.
Infect Immun 1997;65:3501e8.
25. Arock M, Ross E, Lai-Kuen R, Averlant G, Gao Z, Abraham SN.
Phagocytic and tumor necrosis factor alpha response of human
mast cells following exposure to gram-negative and gram-
positive bacteria. Infect Immun 1998;66:6030e4.
26. Holgate ST. The epithelium takes centre stage in asthma and
atopic dermatitis. Trends Immunol 2007;28:248e51.
27. Kraneveld AD, James DE, de Vries A, Nijkamp FP. Excitatory
non-adrenergic-non-cholinergic neuropeptides: key players in
asthma. Eur J Pharmacol 2000;405:113e29.
28. Bradding P. Human mast cell cytokines. Clin Exp Allergy 1996;
26:13e9.
29. Bradding P. The role of the mast cell in asthma: a reassess-
ment. Curr Opin Allergy Clin Immunol 2003;3:45e50.
30. Bradding P, Feather IH, Wilson S, Bardin PG, Heusser CH,
Holgate ST, Howarth PH. Immunolocalization of cytokines in
the nasal mucosa of normal and perennial rhinitic subjects.
The mast cell as a source of IL-4, IL-5, and IL-6 in human
allergic mucosal inflammation. J Immunol 1993;151:3853e65.
31. Bradding P, Roberts JA, Britten KM, Montefort S, Djukanovic R,
Mueller R, Heusser CH, Howarth PH, Holgate ST. Interleukin-4,
-5, and -6 and tumor necrosis factor-alpha in normal and asth-
matic airways: evidence for the human mast cell as a source of
these cytokines. Am J Respir Cell Mol Biol 1994;10:471e80.
32. Butch AW, Chung GH, Hoffmann JW, Nahm MH. Cytokine
expression by germinal center cells. J Immunol 1993;150:
39e47.33. Del Prete G. Human th1 and th2 lymphocytes: their role in the
pathophysiology of atopy. Allergy 1992;47:450e5.
34. Djukanovic R, Lai CK, Wilson JW, Britten KM, Wilson SJ,
Roche WR, Howarth PH, Holgate ST. Bronchial mucosal mani-
festations of atopy: a comparison of markers of inflammation
between atopic asthmatics, atopic nonasthmatics and healthy
controls. Eur Respir J 1992;5:538e44.
35. Bacon AS, McGill JI, Anderson DF, Baddeley S, Lightman SL,
Holgate ST. Adhesion molecules and relationship to leukocyte
levels in allergic eye disease. Invest Ophthalmol Vis Sci 1998;
39:322e30.
36. Gudbjornsson B, Hallgren R, Nettelbladt O, Gustafsson R,
Mattsson A, af Geijerstam E, Totterman TH. Phenotypic and
functional activation of alveolar macrophages, T lymphocytes
and NK cells in patients with systemic sclerosis and primary
sjogren’s syndrome. Ann Rheum Dis 1994;53:574e9.
37. Kunder CA, St John AL, Li G, Leong KW, Berwin B, Staats HF,
Abraham SN. Mast cell-derived particles deliver peripheral
signals to remote lymph nodes. J Exp Med 2009;206:2455e67.
38. Amin K, Janson C, Harvima I, Venge P, Nilsson G. CC chemokine
receptors CCR1 and CCR4 are expressed on airway mast cells in
allergic asthma. J Allergy Clin Immunol 2005;116:1383e6.
39. Brightling CE, Ammit AJ, Kaur D, Black JL, Wardlaw AJ,
Hughes JM, Bradding P. The CXCL10/CXCR3 axis mediates
human lung mast cell migration to asthmatic airway smooth
muscle. Am J Respir Crit Care Med 2005;171:1103e8.
40. Brightling CE, Bradding P, Symon FA, Holgate ST, Wardlaw AJ,
Pavord ID. Mast-cell infiltration of airway smooth muscle in
asthma. N Engl J Med 2002;346:1699e705.
41. Humbert M, Grant JA, Taborda-Barata L, Durham SR, Pfister R,
Menz G, Barkans J, Ying S, Kay AB. High-affinity IgE receptor
(FcepsilonRI)-bearing cells in bronchial biopsies from atopic
and nonatopic asthma. Am J Respir Crit Care Med 1996;153:
1931e7.
42. Park HS, Hwang SC, Nahm DH, Yim HE. Immunohistochemical
characterization of the cellular infiltrate in airway mucosa of
toluene diisocyanate (TDI)-induced asthma: comparison with
allergic asthma. J Korean Med Sci 1998;13:21e6.
43. Di Stefano A, Saetta M, Maestrelli P, Milani G, Pivirotto F,
Mapp CE, Fabbri LM. Mast cells in the airway mucosa and rapid
development of occupational asthma induced by toluene dii-
socyanate. Am Rev Respir Dis 1993;147:1005e9.
44. Holdsworth SR, Summers SA. Role of mast cells in progressive
renal diseases. J Am Soc Nephrol 2008;19:2254e61.
45. Levi-Schaffer F, Rubinchik E. Mast cell role in fibrotic diseases.
Isr J Med Sci 1995;31:450e3.
46. Chlap Z, Jedynak U, Sladek K. Mast cell: it’s significance in
bronchoalveolar lavage fluid cytologic diagnosis of bronchial
asthma and interstitial lung disease. Pneumonol Alergol Pol
1998;66:321e9.
47. Hunt LW, Colby TV, Weiler DA, Sur S, Butterfield JH. Immuno-
fluorescent staining for mast cells in idiopathic pulmonary
fibrosis: quantification and evidence for extracellular release
of mast cell tryptase. Mayo Clin Proc 1992;67:941e8.
48. Oh CK. Mast cell mediators in airway remodeling. Chem
Immunol Allergy 2005;87:85e100.
49. Amin K, Rinne J, Haahtela T, Simola M, Peterson CG,
Roomans GM, Malmberg H, Venge P, Seveus L. Inflammatory
cell and epithelial characteristics of perennial allergic and
nonallergic rhinitis with a symptom history of 1 to 3 years’
duration. J Allergy Clin Immunol 2001;107:249e57.
50. Hurst DS, Amin K, Seveus L, Venge P. Mast cells and tryptase in
the middle ear of children with otitis media with effusion. Int J
Pediatr Otorhinolaryngol 1999;49(Suppl. 1):S315e9.
51. Hurst DS, Amin K, Seveus L, Venge P. Evidence of mast cell
activity in the middle ears of children with otitis media with
effusion. Laryngoscope 1999;109:471e7.
